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INTRODUCTION
Dhaka, Bangladesh, is one of the most densely populated cities of the world. Approximately 14.5 million people live here in just 1,325 square kilometers with a density of 10,943 persons per square kilometer and an annual growth rate of 4.34% (BBS, 2011) . The Population of Dhaka is increasing at an alarming rate and one of the main reasons of such increment is rural-urban migration.
Home-wrecked people from natural catastrophes and rural people from the surrounding areas migrate to Dhaka city in search of better living conditions. Providing housing and other facilities for this huge population along with preserving the environment and social equity, has now become a greater challenge for maintaining sustainability in the development of Dhaka city. Sustainability requires reconciliation of three things: economic demands, environmental and social equity (Abukhater, 2011) . The effect of present urbanization and development process of Dhaka on sustainability is twofold. First, natural environment is affected severely in the form of illegal and haphazard development over flood flow areas, agricultural lands and critical natural resource areas. Second, this unplanned development results in uprooting the local poor people who have been living in those areas for a long time denying them their social right and justice. Ensuring environmental preservation and social equity usually come after financial profitability, in most of the private housing and land development projects of Dhaka city, if considered at all. Between 1960 and 2010, water bodies have decreased by 33% and low lands have decreased by 53% (Islam et al, 2010) . A study shows that, only around 30% of relocated local people can regain their land ownership in such development projects (Mahmood, 2013) .
In this paradigm of urban planning, Land Readjustment technique can be a useful tool to determine geographic sustainability in a city such as Dhaka. "Land readjustment or Land pooling" is a technique for managing the urban development of urban-fringe lands, whereby land parcels are assembled for their unified planning, servicing and subdivision as a single estate, with the sale of some of the new building plots to recover the costs and the redistribution of the other plots back to the landowners (Yomralioglu, 1993) . There are many examples worldwide where this technique was successfully implemented for high density housing projects. One such project was the Gaepo project in Seoul, South Korea (Lee, 2002) . This project was undertaken for accommodating the increasing population in Seoul, without hampering the valuable agricultural land in the area. This project was also important because it improved the connectivity of the project site with the neighboring built-up areas.
To avoid scattered settlement in the fringe areas and at the same time to preserve the natural resources along with upholding the social right of the local people in those areas, this study aims at accommodating future population through a Land Readjustment Scheme at Badda-Satarkul area (Figure 2 ), located at the eastern fringe area of Dhaka city (Figure 1 ). There is an ample amount of agricultural lands, vacant spaces and water retention ponds in this area. These days many housing projects are undertaken in this area by the private developers which involve illegal occupation of agricultural land as well as wetlands.
This study envisions several perspectives which are--Vision 1: A selfsufficient sustainable city, where all the natural resources are fully utilized and preserved and Vision 2: An effective implementation of Land Readjustment Scheme at Badda-Satarkul to accommodate all the present and probable future population. Fulfilling these visions will ensure to find the right balance among the three E's of sustainability (environment, economy and equity) (Abukhater, 2011) . Keeping in mind the above mentioned visions, some objectives have been selected for the study which is: 1) to preserve the existing agricultural lands, water retention ponds and water bodies and 2) to allocate serviced land or floor space to the land owners through land readjustment scheme.
METHODOLOGY Study Area Selection
This project is intended to implement land readjustment scheme in Badda, Satarkul and Bhatara Unions of the DMDP (Dhaka Metropolitan Development Plan) Area. The area is appropriate for land readjustment for the following reasons:
Badda, Satarkul and Bhatara unions are located in the fringe areas which are less developed and mostly vacant. These types of areas are more preferred for land readjustment scheme as provision of serviced land and community facilities causes a lesser amount of demolition of existing structures.
Around 38 percent land of this area is covered with agricultural land and water retention ponds. This area has been selected because preservation and proper utilization of agricultural land will contribute to the economy by increasing agricultural production and at the same time, preservation of water retention ponds will control flood water and enhance the visual attractiveness of the city.
Most of the land owners of this area possess less than 2 kathas (see glossary) of vacant land. Land readjustment project is proposed for this area to accommodate all land owners by providing them the equivalent amount of serviced land or floor space after their contribution.
The number of existing community facilities is not sufficient for the projected future population. Land readjustment is required in this area for construction of additional community facilities. This will enable the area to operate as a selfsustainable city.
Data Collection
This study is based on both primary and secondary sources. An observation survey was conducted at the study area to gather an overall knowledge about the existing land use pattern.
The study area map was collected from the capital improvement authority of Dhaka city named as: Rajdhani Unnayan Kartipakkha (RAJUK). All the data were extracted from the GIS database and information such as-land use pattern, ownership pattern; existing community facilities and service facilities were collected. Analyzing these data, the operating policies and design principles regarding the study area were determined. A systematic procedure was followed then to apply the Land Readjustment technique in the study area. At first, the operating principles were set up to determine the contribution ratio, replotting procedure and amount of monetary compensation. Then a detail design scheme was developed for the whole study area. Finally, the costs of the project along with the implementation phase were designed to see the feasibility of the project from financial perspectives.
STUDY AREA PROFILE
Badda, Satarkul and Bhatara of DMDP area have been selected for carrying out the study. The study ar a total area of 3466.46 acre population of the area is 97,585.
Land use, ownership pattern and existing facilities of the study area
The existing land use pattern of the study area is shown in Figure 3 : No of Plots
Amount of Land in Katha
Badda, Satarkul and Bhatara Unions of DMDP area have been selected for out the study. The study area covers acres. Total opulation of the area is 97,585.
and existing
The existing land use pattern of the The Figure 3 shows that around 38 percent land of the study area is covered with agricultural land and water retention ponds. Preservation and proper utilization of these two natural resources is one of the most important visions regarding this area.
The numbers of land owners occupying different amounts of lands are shown in Figure 
LAND READJUSTMENT IN THE STUDY AREA
The whole process of land readjustment in the study area can be divided into three parts: 1) operating principles and assumptions 2) detail design of the site and 3) financial aspects and implementation strategy. Based on these the following description depicts the systematic process of applying the land readjustment scheme in the study area:
1) Operating Principles and Assumptions

Determination of Contribution Ratio
Contribution ratio is that percentage of the landowner's land-holdings which they sacrifice to provide space for service facilities such as-roads, parks and other utilities (Puasakul, n.d.) . In the project contribution ratio was determined as 39 % (Table-2 ) .The ratio was derived through trial and error method .This turned out to be the minimum ratio to provide all the facilities as well as to recover all the costs incurred. For any contribution ratio below 39%, the project will not be profitable. Again, any contribution ratio above 39% will result a higher profit. Since profit maximization was not the primary concern of the project, contribution ratio was determined 39%.
While determining the contribution ratio, following things were taken into consideration:
Each landowner will share the cost of the project by contributing part of his land area. Contribution ratio must be kept minimal otherwise the owners will be discouraged to participate in the project. The amount of land each owner has to contribute will depend upon the total cost to be shared by all the landowners, monetary value of the land after the project and the land required for providing facilities.
Replotting Procedure
The following things were taken into consideration while redistributing serviced plots:
Only the original land owners will receive the serviced plots in accordance with their contribution to the project. In the remaining plots, apartments will be constructed. Land owners will be allowed to choose their plot with the following priority: 1. Land owner with existing house 2. Land owner of corner plot of the same block 3. Land owners of consolidated parcels located at 2 or more than 2 different locations.
The sizes of the plot will be 5 katha, 7.5 katha, 10 Katha and 20 Katha after the implementation of the scheme (as per the common plot sizes in Bangladesh).
If the receivable amount of land by an owner is less than 5 Katha after contribution, the landowner will get equivalent amount of floor spaces.
Facility Name Number
College 0
Mosque/temple 39
High school 12
Primary school 14
Hospital 3 
Determination of Equivalent Amount of Floor Space and Monetary Compensation
The equivalent amount of floor space and amount of monetary compensation was determined through the following process:
At first total amount of floor space that can be built in the remaining lands was determined by using this equation: Floor space (S1 sq. ft.) = remaining amount of land (katha) after contribution * 720 * maximum ground coverage (60%) *building height (6 stories) Then the cost of building this floor space was determined. In the present scenario the building cost of per square feet floor space is 2,000 BDT. As this project is targeted for year 2030, the building cost is assumed as 4,000 BDT per square feet due to inflation. Therefore, Total building cost = Total floor space * 4,000 BDT Equivalent floor space which should be sold to recover this cost was determined next. At present per square feet selling price of apartments in nearby areas (Gulshan) is 14,000 BDT (Sheltech). But in this project profit maximization is not the primary goal. So selling price of per be square feet apartment space was assumed 10,000 BDT which will be affordable among the people of various income groups ensuring social justices. So, Equivalent floor space for cost recovery (S2 sq. ft.) = Total Cost/10000 By deducting this floor space from the floor space which can be built, the amount of floor space required to be returned was found. Equivalent floor space required to be returned (S sq. ft.) = S1 -S2 The remaining fractions of receivable amount of floor spaces will be compensated in terms of equivalent amount of money (shown in the table 2).
2) Detail Design of the Site: Principles and Policies
Design of Plots: Redistribution of plots
A portion of total area was subdivided into plots which will be returned to the affected owners. The sizes of the plot will be 5 katha, 7.5 katha, 10 Katha and 20 katha. The organization of these different sizes of plots is shown in our proposed map. For this purpose the whole area was subdivided into 50 blocks of 50 acres.
Any owner, who will get more than 20 Katha land ( Table- 2) after contribution, will be returned a combination of those sized plots. 19% of the total area will be developed as apartment blocks for returning floor spaces to the owners and for selling the remaining portion for cost recovery. In this project, sizes of apartment will be 500 sq ft, 750 sq ft, 1000 sq ft, 1200 sq ft, 1500 sq ft, 2000 sq ft and 2500 sq ft. Floor space will be distributed in accordance to these apartment sizes ( Existing roads that are wider than 50 feet will be kept as they are. Existing community serving facilities such as-schools, colleges, mosques, temples, hospitals etc will be kept at the present location as much as possible.
Principles for Agricultural Land Preservation
Only agriculture related land use will be permitted.
Farmers' markets will be created and local infrastructure for small-scale food preservation and storage facilities will be installed.
Water body Preservation and Enhancement
Decorative perimeter fencing and appropriate landscaping with different types and sizes of plants will be provided surrounding the water bodies. Community parks will be provided surrounding the water bodies ( Figure 5 ).
Principles for Preservation and Enhancement of Water Retention Pond
A 10 feet wide trail will be installed alongside the retention ponds. 6 feet of this trail will be designated as bikeways and rest 4 feet as walking trail. All these will be done without hampering the existing level of flood protection.
3) Financial Aspects and Implementation Strategy
Cost of the Project Cost of the in different sectors are discussed in the followingi) Land Development Cost: This cost includes construction of roads, footpath, bridges and provision of service facilities, cutting and filling etc. Necessary standards for estimating this cost For landscaping surrounding the water bodies and retention pond, providing small-scale food preservation and storage facilities and development of agricultural land and initial budget of 100 crore BDT (12,861,737 USD) is estimated.
Total Cost
The total development cost of the project can be borrowed from Asian Development Bank for 10 years with 5.5% interest rate (Kabir, 2007) . This will need additional 10,811.85 crore BDT (1,390,592,485 USD). The total project cost is shown in the Table 3 :
Revenue of the Project
The revenue of the project will be collected from selling floor spaces and selling serviced plots for community facilities.
i)
Selling Floor Space : After returning the apartment to the owners, government will collect revenue for cost recovery by selling rest of the apartments. These apartments will be sold at 10000 BDT/square feet. Total revenue in this sector is 19,540 crore BDT (2,513,187,756 USD).
ii) Selling
Serviced Plots for Community Facilities Revenue will be collected by selling serviced plots for community facilities. The plots which are designated for hospital, small clinic, college and market/shop will only be sold. The plots designated for hospital, college and small clinic will be sold at reduced rates. Plots which are designated as market place will be sold at market rate. 
Implementation Phasing
The phases of this project are shown in the following chart:
Phase 01
2013-2022
Construction of apartments, internal roads and preservation of natural resources.
Phase 02
2020-2026
Construction of apartments on the lands near Pragati Sarani and selling apartments for cost recovery
Phase 03
2025-2030
Redistribution of serviced plots and distribution of apartments among the owners This project will be implemented under the supervision of the government but public participation will be ensured in acquisition of land and redistribution of serviced plots.
CONCLUSION
As most of the projects in Dhaka city are initiated by the private developers, they are completely based on profit maximization. As a result balancing the social equity and preservation of natural environment is completely ignored. Moreover, because of such housing projects, people of low income are becoming landless. This study proposes a plan to continue with the development of an area, with solutions to these problems. Land readjustment scheme of Badda, Satarkul and Bhatara is a project which is totally based on the three pillars of geographical sustainability.
First, it proposes a plan which is financially viable. As the scheme shows, all the estimated costs of the project are recovered through the revenues earned by selling plots for community facilities. This process leaves enough room of flexibility.
Second, this plan is designed in way; so that the environment is least disturbed and all the natural features of the study area were preserved. Additionally in some cases proposals were provided regarding their enhancement.
Third, the plan was focused to ensure social equity by securitizing serviced plots or apartment space for all the land owners specially the owners having small parcel of lands. During redistribution, maximum possible developed plots were returned to the original owners.
In conclusion it can be said that the study fulfills all of its objectives. With proper governance, the project can be well implemented and thereby ensure a geographically sustainable development in the eastern fringe of Dhaka city. Abukhater, A. (2011 
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